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Abstract

We examined the relationships between neighborhood characteristics, cumulative
genetic risk for Alzheimer’s disease (polygenic scores for Alzheimer’s disease), and
cognitive function using data from the Health and Retirement Study (2008-2020,
age>50). Baseline perceived neighborhood characteristics were combined into a
subjective neighborhood disadvantage index. Cognitive function was assessed at
baseline and measured biennially over a 10-year follow-up period. Analyses were
stratified by genetic ancestry. Cox proportional hazard models analyzed associations
between neighborhood characteristics, Alzheimer’'s disease polygenic scores, and their
interactions on cognitive impairment.

In the European ancestries sample, a one standard deviation higher score on the
subjective neighborhood disadvantage index was associated with a higher hazard of
any cognitive impairment (HR:1.09; CI:1.03-1.15). Similarly, a one standard deviation
increase in Alzheimer’s disease polygenic score was associated with a higher risk of
cognitive impairment (HR:1.10; CI:1.05-1.16). Similar effect sizes were observed when
examining cognitive impairment without dementia and dementia separately. No
significant interactions were found. Comparable but nonsignificant trends were noted in
the African ancestries sample. Subjective neighborhood disadvantage index and
Alzheimer’s disease polygenic score were independently associated with incident
cognitive impairment. Preventing dementia by addressing modifiable risk factors is
essential.

Keywords: cognitive impairment, dementia, GXE, neighborhood, polygenic risk score,
modifiable risk factors

Acronyms: CI: confidence interval, SD: standard deviation. SNPs: single-nucleotide
polymorphisms, GWAS: genome wide association study, BMI: body mass index, APOE:
Apolipoprotein E
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Introduction

Dementia describes a group of progressive neurological disorders that severely
affect individuals’ memory, thinking, and social abilities (Nowrangi et al., 2011). The
most common type of dementia is Alzheimer's disease, with pathology present in 60-
80% of cases (Sosa-Ortiz et al., 2012). By the year 2050, an estimated 12.7 million
Americans aged 65 years and older will be living with Alzheimer's disease (Matthews et
al., 2019). In 2022, the estimated medical cost associated with Alzheimer’s disease or
other dementias amounted to $321 billion in the United States, with spending expected
to exceed $1 trillion in 2050 (Anita Pothen Skaria, 2022), leading to a significant
financial burden at both the family and national levels. Cognitive impairment non-
dementia(CIND) is an intermediate stage between normal cognition and dementia
(Hugo and Ganguli, 2014; Morris, 2005; Winblad et al., 2004). Identifying modifiable risk
factors for cognitive impairment is critical because addressing these factors during
intermediate stages of cognitive decline can enhance the effectiveness of public health
interventions, potentially reducing the progression to dementia and its related societal
burden. In addition, understanding how these factors interact with individual
susceptibilities can provide deeper insight into the pathways influencing cognitive

decline and help inform strategies to reduce risk across diverse populations.

The neighborhood environment is a potential modifiable risk factor for cognitive
health. Evidence suggests that neighborhood environment has been linked to risk of
cognitive impairment and dementia (Letellier et al., 2018; Slawsky et al., 2022), with
both objective and subjective assessments of neighborhoods offering distinct insights

into the association between neighborhoods and cognition (Lee and Waite, 2018).
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Objective characteristics of neighborhoods, such as crime rates, access to amenities
and neighborhood socioeconomic status, are often used to assess both neighborhood
quality and the accessibly of resources in public health studies (Lee and Waite, 2018;
Whitley et al., 2022). For example, in the French Three City Cohort, a population-based
prospective study, women who lived in a deprived neighborhood—defined as having a
low median income—nhad an increased risk of developing dementia and Alzheimer's
disease relative to those living in non-deprived neighborhoods (Letellier et al., 2018). In
a cross-sectional study of 21,008 adults aged 65 years and older from Hong Kong,
more walkable neighborhoods, measured by proximity to frequently-used amenities,
were associated with 3.5% lower prevalence of dementia relative to the least walkable
neighborhoods (Guo, Chan, Chang, Liu, & Yip, 2019). Subjective characteristics of
neighborhoods — residents’ perceptions of their neighborhood environment — can be
equally or more important in determining health outcome, as they directly reflect the
mental and emotional responses to the environment which are not always captured by
objective measures (Hong et al., 2022; Lee and Waite, 2018; Mufioz et al., 2020).
Feelings of safety, cleanliness, and social support can influence leisure-time physical
activity and chronic stress (Robinette et al., 2021; Tucker-Seeley et al., 2009). A sense
of neighborhood belonging, and the friendliness of neighbors can influence social
connectedness and feelings of loneliness (Breedvelt et al., 2022; Seifert, 2020). These
factors collectively contribute to social engagement and overall mental health and are
critical in maintaining cognitive function. (Iso-Markku et al., 2024; Kulshreshtha et al.,

2023; Yu et al., 2023).
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83 Genetics also play a major role in the risk of developing cognitive impairment and
84 dementia (Fan et al., 2019; Sapkota and Dixon, 2018). Variation in the Apolipoprotein E
85 (APOE) gene is a major genetic risk factor for Alzheimer’s disease (Carmona et al.,

86 2018). There are three major gene variants of the APOE gene, the €2, €3, and €4 alleles
87 (Carmona et al., 2018). At later ages, those with one copy of the APOE-¢4 allele have
88 approximately three times increased risk of Alzheimer’s disease, and those with two

89 copies of €4 have 8-14 times increased risk, compared to the €3/¢3 genotype (Fan et al.,
90 2019). However, genetics alone are neither sufficient nor necessary to cause dementia
91 anditis important to understand the interplay between genetics and other factors on the

92  risk of developing cognitive impairment.

93 Both genetic and environmental factors together contribute to the risk of cognitive

94 impairment (Smith et al., 2021). Gene-by-environment interactions occur when the

95 effect of an environment is dependent on the genotype of the individual (Kraft and

96 Aschard, 2015). For example, in a longitudinal study of primary care patients aged 75

97  years or older, those with both the APOE-¢4 allele and low physical activity (defined as

98 less than one physical activity per week) had a higher conversion rate (21.5%) to

99 dementia and Alzheimer’'s disease, as well as a higher relative risk (relative risk: 3.02,
100 95% CI: 2.07, 4.42) of dementia and Alzheimer’s disease, compared to those who had
101  only one of the risk factors present (Luck et al., 2014). Investigating gene-by-
102  environment interactions, involving neighborhoods and genetic risk factors for dementia,
103 enhances our understanding of the manifestation of diseases and significantly impact
104  precision medicine by enabling targeted risk prevention for individuals highly susceptible

105 to specific environmental effects (Lau et al., 2023; Nakamura et al., 2016).
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106 In this study, we conducted a Cox proportional hazards analysis using data from
107 participants of European and African genetic ancestries in the United States Health and
108 Retirement Study. Our goal was to examine the associations between perceived

109 neighborhood characteristics and incident cognitive impairment. We categorized

110 cognitive impairment as 1) any cognitive impairment (CIND or dementia), 2) CIND, or 3)
111 dementia. We stratified analyses by genetic ancestry group since the polygenic scores
112  are on different scales due to the genetic architecture of the samples. Additionally, we
113 assessed whether the association between perceived neighborhood characteristics and

114  cognitive impairment was modified by Alzheimer’s disease polygenic score.

115 Method

116  Health and Retirement Study

117 The Health and Retirement Study is a nationally representative, longitudinal

118 panel study of people in the United States 50 years and older (Juster and Suzman,

119 1995; Sonnega et al., 2014). The Health and Retirement Study is funded by the

120 National Institute on Aging (NIA U01AG009740) and the Social Security Administration.
121  The Institute for Social Research at the University of Michigan conducts the Health and
122  Retirement study. Data are collected through in-person and telephone interviews in

123  waves occurring every two years since the study’s start in 1992. To maintain its

124  nationally representative status, the sample of participants is replenished every six

125  years with new cohorts.

126  Neighborhood Measures
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127 Half of the Health and Retirement Study participants in 2008 were randomly

128 selected to answer questions on their neighborhoods, while the other half were asked
129 these questions during the 2010 wave (Sonnega et al., 2014). In our analysis, we

130 established a baseline for participants based in the wave in which they were interviewed
131 for the neighborhood questions (either 2008 or 2010). Participants were asked to rate
132  aspects of their neighborhood as a part of a leave-behind questionnaire. Neighborhoods
133  were defined as a participant's ‘local area’ or everywhere ‘within a 20-minute walk or
134  about a mile of their house.’ Participant-evaluated neighborhood characteristics include:
135 1) There is no problem with vandalism and graffiti in this area/Vandalism and graffiti are
136 a big problem in this area, 2) Most people in this area can be trusted/Most people in this
137 area can't be trusted, 3) People feel safe walking alone in this area after dark/People
138 would be afraid to walk alone in this area after dark, 4) Most people in this area are

139 friendly/Most people in this area are unfriendly, 5) This area is kept very clean/This area
140 s always full of rubbish and litter, 6) There are no vacant houses or storefronts in this
141 area/There are many vacant or deserted houses or storefronts in this area. 7) People
142 feel that they are part of/don't belong in this area. Participants were instructed to choose
143  avalue of one to seven for each of the questions, with one corresponding to the first
144  response scale and seven corresponding to the latter response scale of each question.
145 The responses to each neighborhood question were standardized (mean=0, standard
146  deviation=1). Given correlations among responses to these seven questions, we

147  created a subjective neighborhood disadvantage index using principal components

148 analysis (Mac¢kiewicz and Ratajczak, 1993) to identify factors representing the most

149 variation in the neighborhood question responses. Higher subjective neighborhood
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150 disadvantage indexes indicate more disadvantaged neighborhoods. Secondary

151 analyses considered a dichotomous version of the subjective neighborhood

152 disadvantage index, with scores of 0 or below indicating the least disadvantaged

153 neighborhoods and scores above 0 indicating the most disadvantaged neighborhoods.
154  Additionally, we conducted supplemental analyses using each neighborhood

155 characteristic as a separate exposure.

156  Cognitive Status

157 The Health and Retirement Study collects information on participants’ cognition
158 in every data collection wave. We assessed patrticipants' cognitive function at baseline
159 and followed up with up to five waves of cognitive assessments over the subsequent ten
160 years, from 2010 to 2018 for those with a 2008 baseline, and from 2012 to 2020 for

161 those with a 2010 baseline. The Health and Retirement Study cognitive assessments
162 include ten word immediate and delayed recall, serial 7s subtraction, counting

163  backwards, object naming and recall of date and president and vice-president. These
164  tests assess memory, working memory, attention and processing speed, language, and

165 orientation and are administered via telephone (Wallace et al., 2005).

166 We used the Health and Retirement Study Imputation of Cognitive Functioning
167 Measures data which provides cleaned and imputed cognitive function assessment
168 scores (McCammon et al., 2023). Proxy respondents were excluded from our study
169 sample at each wave. To categorize cognitive status in the Health and Retirement
170  Study, we used the Langa-Weir approach, which uses a composite score of 0-27 from

171  the cognitive assessments available in the Health and Retirement Study (excluding
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172  orientation and naming objects). Individuals with scores from 0-6 were categorized as

173  having dementia, 7-11 as CIND, and 12-27 as normal cognition (Crimmins et al., 2011).

174  Polygenic score for Alzheimer’s disease

175 The Health and Retirement Study collected saliva samples in 2006, 2008, 2010,
176  or 2012 for DNA processing. In 2006, the mouthwash collection method was used, then
177  from 2008 on, the Oragene DNA Collection Kit (OG250) was used. Approximately 2.4
178  million single nucleotide polymorphisms (SNPs) were measured using the llumina

179  HumanOmni2.5 BeadChip array (HumanOmni2.5-4v1, HumanOmni2.5-8v1). The

180  University of Washington Genetics Coordinating Center performed genotyping quality
181  control. SNPs were aligned to genome build 37/hg 19, phased using SHAPEIT2, and
182  genetic principal components were calculated with HapMap controls (Patterson et al.,
183  2006; Price et al., 2006). Imputation was conducted by the University of Washington
184  Genetics Coordinating Center using IMPUTEZ2, to impute approximately 21 million SNPs
185 to the 1000 Genomes Project cosmopolitan reference panel phase 3 version 5 (Weir,
186 2013). Genetic data for the Health and Retirement Study is available through application
187  to the National Institute on Aging Genetics of Alzheimer's Disease Data Storage Site

188  (https://dss.niagads.org/datasets/ng00153/).

189 The Health and Retirement Study used both self-identified race/ethnicity and

190 ancestral genetic similarity to ascertain the African and European ancestries analytic
191 samples. To account for population stratification within the two broad ancestries groups,
192 local genetic principal components were calculated within each group and used in

193 downstream analyses, provided by the Health and Retirement Study (Ware et al., 2021;

194  Weir, 2013).
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195 A polygenic score provides a quantitative summary measure of the genetic

196 predisposition to express a the given trait (Sugrue and Desikan, 2019). The Health and
197 Retirement Study provides polygenic scores from the International Genomics of

198 Alzheimer’s Project (IGAP) using SNPs associated with Alzheimer’s disease at two
199 genome-wide association p-value thresholds (pT): pT=0.01 and pT=1.0 (Alzheimer
200 Disease Genetics Consortium (ADGC), et al., 2019). In this study, we used a p-value
201 threshold of pT=0.01 and did not include linkage disequilibrium in the scores (i.e. no
202  pruning algorithms). The APOE gene region (start: 43.38 megabases, stop: 45.43

203 megabases, build hg37) was removed from the polygenetic score because including it
204  through weighted variants was insufficient to capture the substantial risk attributed to
205 this region (Ware et al., 2019). Therefore, we treated the APOE region as a separate
206  covariate to better account for its independent effect on dementia risk. Our primary

207 analysis used z-score standardized polygenic scores (mean=0, standard deviation=1)
208  within each genetic ancestry group. In subsequent analyses, we dichotomized the

209  polygenic score for Alzheimer's disease without the APOE region at the 75th percentile
210 to represent those in the highest quartile of genetic risk for Alzheimer’s disease (Lee et

211 al., 2024).

212 Covariate Measures

213 We selected covariates that could be confounders of the association between
214  neighborhood characteristics and cognitive status, based on prior evidence (Hale et al.,
215 2020; Wang et al., 2022). Covariates were assessed at the analytical baseline (2008 or
216  2010) and were: age (continuous, in years), sex (male; female) highest educational

217  attainment (above high school/GED; high school/GED; less than high school/GED),
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218 subjective social status (self-reported standing on a ladder representing “society”,

219 continuous range 1 [low] to 10 [high]) (Adler et al., 2000), and poverty status, defined as
220 whether household income was below the US Census poverty threshold (yes; no).

221  Additionally, we included an indicator variable for baseline wave (wave 2008; wave

222  2010) to account for potential cohort differences.

223 In sensitivity analyses, we considered the additional potential confounders of
224 smoking (current, former, never), alcohol consumption (number of drinks/day when
225 drinks), history of type 2 diabetes (yes, no), depressive symptoms (continuous), body
226  mass index (BMI; continuous, in kg/m?), and number of physician-diagnosed chronic
227 medical conditions (0, 1-2, 3 or more of the following: high blood pressure, diabetes,
228 cancer, lung disease, heart disease, stroke, psychiatric problems, and arthritis), all
229 measured at the analytical baseline (2008 or 2010). We considered these covariates in
230 a sensitivity analysis rather than the main analysis, as although they have been

231 associated with cognitive status (Gutwinski et al., 2018; Kim et al., 2019; Ohara et al.,
232  2015; Qizilbash et al., 2015), they are time-varying and could be influenced by

233 neighborhood factors. Therefore, these variables may lie on the causal pathway rather

234 than serve as confounders.

235 Sample Selection

236 Eligible Health and Retirement Study participants were those who were

237 interviewed in the 2008 and 2010 waves with complete neighborhood data (n=14,562).
238 Then, we excluded participants with incomplete genetic (n=5,220), cognition (n=717),
239 and covariate data (n=717) (Figure 1, Supplemental Table 1). Additionally, we

240 excluded participants with dementia at baseline (N=148) from analyses where dementia

10
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241  was the outcome. For analyses of any cognitive impairment (CIND and dementia),
242  participants with CIND and dementia at baseline (N=1,082) were excluded. In CIND -
243  specific analyses, we further excluded participants who developed dementia during

244  follow-up without prior records of CIND (N=80) (Figure 1, Supplemental Table 1).

245  Statistical Analysis

246 All the analyses were stratified by genetic ancestry (European ancestries and
247  African ancestries). In bivariate analyses, we described the distributions of variables by
248  cognitive functions using t-test (mean, SD) for continuous variables and chi-square test
249  (count, %) for categorical variables. We similarly tested for differences between the

250 included and excluded sample to note selection bias in the included sample.

251 We used Cox proportional hazard modeling to examine the associations between
252 the subjective neighborhood disadvantage index and incident cognitive impairment, with
253 effect modification by Alzheimer’s disease polygenic score. In model 1, we include

254  adjustments for sociodemographic factors (baseline age, sex, education, poverty status,
255  subjective social status), APOE-g4 carrier status, and baseline year indicator. Model 2
256 included additional adjustment for Alzheimer’s disease polygenic score and genetic

257  principal components. Model 3 further tested the interaction between the subjective

258 neighborhood disadvantage index and Alzheimer’s disease polygenic score. The

259  subjective neighborhood disadvantage index, covariates, and supplementary variables
260 were measured at baseline, with cognitive function assessed at baseline and across five

261 follow-up waves over 10 years.

262  The following fully adjusted model was fitted to our dataset:

11
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AX) = Ap()exp(BiNeighborhood + B,PGS_AD + Bz(Neighborhood X PGS_AD) + B,Covariates)

263  where A(t|X) is the hazard function at time ¢t given covariates X, and 1,(t) is the baseline
264 hazard at time t. We performed three separate comparisons using this model

265  specification stratified by ancestries: 1) any incident cognitive impairment (CIND or

266 dementia) as the outcome compared to normal cognition, 2) incident CIND as the

267  outcome compared to normal cognition and 3) incident dementia as the outcome

268 compared to no dementia, where "no dementia” includes both normal cognition and
269  CIND. This approach maintains sample size by keeping individuals who developed

270  CIND during follow-up, who have a higher risk of progressing to dementia, in the

271 reference group until dementia onset. We considered P values <0.05 as indicating

272  statistical significance.

273  We conducted analyses in SAS (9.4 version) and R statistical software (4.3.3 version).

274 Relative excess risk due to interaction

275 Additive interaction, a more relevant public health measure than multiplicative
276 interaction, is often emphasized in epidemiology because it reflects the absolute

277  difference in risk associated with combined exposures (Blot and Day, 1979;

278 VanderWeele and Knol, 2014). Therefore, we calculated both multiplicative and additive
279 interaction in the study. To assess additive interaction, we evaluated Cox proportional
280 hazard models using dichotomized subjective neighborhood disadvantage index and
281  Alzheimer’s disease polygenic score. We then calculated relative excess risk due to
282 interaction (RERI), to further elucidate the additive interaction between subjective

283 neighborhood disadvantage index and Alzheimer’s disease polygenic score on cognitive

12
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284  impairment, due to its outstanding performance in Cox proportional hazard models (Li
285 and Chambless, 2007). The RERI was calculated using the "epiR" package (Stevenson
286 and Sergeant, 2008) in R statistical software (4.3.3 version). A positive RERI indicates a
287  positive interaction or more than additivity, zero indicates no interaction, and a negative

288 value indicates negative interaction or less than additivity (Knol et al., 2011).

289  Sensitivity Analysis

290 In our first sensitivity models, we included a third set of variables as covariates -
291 smoking status, alcohol consumption, BMI, diabetes, number of chronic conditions, and
292  depression - which are time-varying factors that may lie on the causal pathway rather
293 than act as confounders. Additionally, to determine if any individual neighborhood factor
294  (perceived safety, trust, friendly, cleanness, vandalism, vacant, belonging - each

295 represented by one of the seven questions in the neighborhood measures) drives the
296 observed associations, we evaluated each individual neighborhood factor as exposures

297  in modeling.

298 Results

299 Descriptive analysis

300 In our study sample, participants who developed cognitive impairment tended to
301 be older, female, have higher subjective neighborhood disadvantage indexes (indicating
302 lower perceived safety, friendliness and environment), more likely to have lower

303 education levels, and reported lower subjective social status (Table 1). The sample

304  distribution, stratified by genetic ancestries, included 703 participants of African

305 ancestries and 6,123 of European ancestries (N=6,826) for cognitive impairment

13
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306 sample; 695 of African ancestries and 6,051 of European ancestries (N=6,746) for CIND
307 sample; and 971 of African ancestries and 6,789 of European ancestries (N=7,760) for
308 dementia sample (Figure 1, Supplemental Table 2). Additionally, individuals’

309 responses to the seven neighborhood characteristics were correlated (Figure 2).

310 European Ancestries Sample

311 Multivariable Analysis

312 In the European ancestries sample, each standard deviation increase in the

313 subjective neighborhood disadvantage index was associated with an 9% higher risk of
314 developing any cognitive impairment (95% CI: 1.03, 1.15), an 8% higher risk of CIND
315 (95% CI: 1.02-1.14), and a 13% higher risk of dementia (95% CI: 1.02-1.24) in the fully
316 adjusted model (Table 2, Model 3). In the fully adjusted models, each standard

317 deviation increase in the Alzheimer’s disease polygenic score was associated with a
318 10% increased risk of any cognitive impairment and CIND (95% CI: 1.05-1.16). The

319 Alzheimer's disease polygenic score was not significantly associated with dementia. No
320 significant multiplicative interaction was found between the subjective neighborhood

321 disadvantage index and Alzheimer’s disease polygenic score for any of the outcomes in

322 the European ancestries sample (Table 2).

323 RERI Analysis

324 In models using dichotomous exposures (subjective neighborhood disadvantage
325 index and Alzheimer’s disease polygenic score), individuals living in the more
326 disadvantaged neighborhoods had a 21% higher risk of any cognitive impairment (95%

327 CI: 1.08-1.36), a 20% higher risk of CIND (95% ClI: 1.06-1.35), and a 34% higher risk of

14


https://doi.org/10.1101/2025.03.14.25324002
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.03.14.25324002; this version posted March 15, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

328 dementia (95% CI: 1.07-1.68) compared to those in the least disadvantaged

329 neighborhoods (Supplemental Table 3). Participants with an Alzheimer’s disease

330 polygenic score in the top 25% of the sample had a 12% higher risk of developing any
331 cognitive impairment (95% CI: 1.01-1.25). However, no significant associations were
332 observed between the dichotomous Alzheimer’s disease polygenic score and the risk of
333 CIND (HR: 1.13; 95% CI: 0.99-1.30) or dementia (HR: 1.20; 95% CI: 0.92-1.57).

334  Additionally, we did not observe significant additive interaction between the

335 dichotomous subjective neighborhood disadvantage index and Alzheimer’s disease

336  polygenic score for any cognitive impairment (RERI: -0.02; 95% CI: -0.31-0.27), CIND
337 (RERI: -0.03; 95% CI: -0.32-0.27), or dementia (RERI: 0.01; 95% CI: -0.61-0.63)

338 (Supplemental Table 3).

339 African Ancestries Sample

340 Multivariable Analysis

341 We observed that a one standard deviation increase in the subjective

342 neighborhood disadvantage index was associated with a 5% higher risk of any cognitive
343 impairment (95% CI: 0.94-1.17), a 4% higher risk of CIND (95% CI: 0.93-1.17), and a
344 3% higher risk of dementia (95% CI: 0.90-1.20 in the fully adjusted model; however,

345 these associations were not statistically significant (Table 2). No significant

346  multiplicative interaction was observed between the subjective neighborhood

347 disadvantage index and Alzheimer’s disease polygenic score in this sample.

348 RERI Analysis
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349 Similarly, in the RERI models with dichotomized exposures, living in the more
350 disadvantaged neighborhoods was associated with higher risk of developing cognitive
351 impairment, while the association was not significant (Supplemental Table 2). In

352 addition, we found no evidence of additive interaction between the subjective

353 neighborhood disadvantage index and Alzheimer’s disease polygenic score for any
354  cognitive impairment, CIND, or dementia in the African ancestries sample.

355 (Supplemental Table 3).

356  Sensitivity Analysis

357 To test the robustness of our models, we added several sensitivity covariates
358 including smoking, alcohol consumption, BMI, diabetes, chronic conditions, and

359 depression (Supplemental Table 4). After adjustment for sensitivity variables, the

360 associations between subjective neighborhood disadvantage index and Alzheimer’s
361 disease polygenic score with the risk of any cognitive impairment, CIND and dementia
362 remained robust in the European ancestries sample (Supplemental Table 4). Both
363 multiplicative and additive interaction effects between the polygenic score for

364 Alzheimer’s disease and subjective neighborhood disadvantage index were non-

365 significant (Table 2, Supplemental Table 3). In addition, all main and interaction effects
366  of subjective neighborhood disadvantage index and Alzheimer’s disease polygenic
367 score remained non-significant in the African ancestries sample (Table 2,

368 Supplemental Table 3).

369 To examine each dimension of neighborhood, we tested each neighborhood
370 factor separately. In the European ancestries samples, when accounting for age,

371 gender, education, poverty, APOE-€4, subjective social status, and genetic principal
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372  components in Cox models; neighborhood safety, trust, friendliness, cleanliness,

373 vandalism, and belonging were all individually associated with higher risk of any

374  cognitive impairment, CIND, and dementia in the European ancestries sample

375 (Supplemental Table 5). Only neighborhood friendliness was significantly associated
376  with risk of any cognitive impairment and CIND in the African ancestries sample

377 (Supplemental Table 5).

378 Discussion

379 Using data from a population-based, longitudinal study of older adults in the

380 United States, we found that living in a more disadvantaged neighborhood was

381 associated with a higher risk of developing incident cognitive impairment in European
382 ancestries. Further, the Alzheimer’s disease polygenic score was associated with

383  cognitive impairment in individuals of European ancestries. However, there was no

384  evidence of effect modification between the Alzheimer’s disease polygenic score and
385 subjective neighborhood disadvantage index on cognitive impairment, whether

386 evaluated on the multiplicative or additive scale. This suggests that neighborhood

387 characteristics influence cognitive impairment risk independent of genetic predisposition
388 - Alzheimer’s disease polygenic score. These findings underscore the significant role of
389 neighborhood factors in cognitive impairment and highlight the need for examining

390 targeted interventions in disadvantaged communities to potentially mitigate cognitive

391 decline.

392 European Ancestries Findings and Consistency
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393 We observed that perceived neighborhood disadvantage (higher subjective

394 neighborhood disadvantage index) was associated with an increased risk of cognitive
395 impairment in the European ancestries sample. This finding aligns with existing

396 literature. For example, a population-based cross-sectional study of 10,289 middle-aged
397 and older adults indicated that a perceived traffic issue and lack of adequate parks were
398 linked to worse cognitive function (Sylvers et al., 2022). In the National Social Life,

399 Health, and Aging Project, higher levels of perceived neighborhood danger (1 mile

400 radius from the home, or within a 20 minute walk of the home) were associated with

401 lower cognitive function, while residents of more cohesive neighborhoods exhibited

402  better cognitive performance (Lee and Waite, 2018). Similarly, a community-level study
403 conducted in Korea with 1,974,944 participants over 50 years of age found that higher
404 community-level social trust is associated with a reduced risk of dementia (Hong et al.,
405  2022). In sensitivity analyses where each perceived neighborhood characteristic was
406  considered individually, neighborhood safety, cleanliness, trust, cleanliness, vandalism
407  and belonging were significantly associated with the risk of cognitive impairment in the
408 European ancestries sample. This indicates that both perceived neighborhood

409 environment and neighborhood connections are crucial risk factors for cognitive health.

410 African Ancestries Findings and Consistency

411 The association between subjective neighborhood disadvantage index and

412  cognitive impairment was also observed in African ancestries participants, but the

413 estimate may be imprecise, with a 95% confidence interval crossing the null. We did
414  note a significant association between higher perceived neighborhood friendliness and

415 the lower risk of cognitive impairment in the African ancestries participants. Existing
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416 studies indicate that, despite the significant growth of the middle-class Black Americans
417  in the United States, many continue to live in inferior neighborhoods compared to white
418 counterparts (Egede et al., 2023; Hobson-Prater and Leech, 2012; Sampson et al.,

419  2002). This suggests that even with rising income levels, African ancestry communities
420  still encounter structural inequalities that limit their access to better housing and living
421  environments. Furthermore, these inequalities extend beyond housing to areas like

422  education, employment, and healthcare, affecting the overall health of minority

423  populations (Egede et al., 2024). Neighborhood friendliness and social support, while
424 not the only factor, could play a critical role in mitigating the stressors that contribute to
425  cognitive impairment in African ancestry population (Choi et al., 2023). Additionally, the
426  nature of the HRS may introduce selective survival bias, as those experiencing a higher
427  disease burden are less likely to be included or remain in the study (Czeisler et al.,

428  2021), potentially underestimating the impact of disadvantaged neighborhoods on

429  cognitive impairment, biasing results towards the null. This issue maybe more

430 pronounced among racial minority groups, who are disproportionately affected by

431 cumulative disadvantage, chronic disease, and premature mortality compared to Non-

432  Hispanic White populations (Angel and Angel, 2006; Go et al., 2014).

433 Neighborhood characteristics

434 We utilized a subjective neighborhood disadvantage index derived through

435  principal component analysis to present neighborhood characteristics. While this

436  approach reduces dimensionality by integrating correlated variables into a composite
437  measure, it may not fully capture the variability across neighborhood characteristics. To

438 address this limitation, we conducted sensitivity analyses by examining each
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439 neighborhood characteristic individually, providing a more nuanced perspective.

440  Additionally, the index included only seven dimensions of subjective neighborhood
441  characteristics, which may not comprehensively reflect the range of relevant factors.
442  Future research should incorporate additional variables, such as walkability, aesthetic
443  appeal, and neighborhood diversity, to achieve a more complete assessment.

444  Furthermore, we measured neighborhood factors and covariates only at baseline.
445  Although neighborhood characteristics tend to be relatively stable — especially in this
446  sample, the results would be more precise and dynamic if neighborhood factors were
447  included as time-varying variables in future analyses. Our focus on subjective

448  neighborhood characteristics is a strength, as these measures capture direct mental
449  and emotional responses to the environment. Nevertheless, future research should also

450 incorporate objective neighborhood measures to complement and validate our findings.

451 Genetic Factors

452 We found the association between the Alzheimer’s disease polygenic score and
453  cognitive impairment only among the European ancestries participants. Although

454  previous studies have identified significant associations between the Alzheimer’'s

455  disease polygenic score and cognitive impairment in both European and African

456  ancestries populations (Altmann et al., 2020; Axelrud et al., 2018; Leonenko et al.,

457  2019), some findings suggest that these associations may depend on the inclusion of
458 the APOE locus (Harris et al., 2014; Manzali et al., 2022; Marden et al., 2016;

459  Verhaaren et al., 2013). We observed a significant association between APOE-€4 status
460 and cognitive impairment in both European and African ancestries samples. This is

461  consistent with other study, which found that participants with any APOE-¢4 allele had
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462  2.42 times higher odds of developing dementia in European ancestry samples and 1.77
463 times higher odds in African ancestry samples compared to those without the allele

464  (Bakulski et al., 2021). The robust association of APOE-g4 with cognitive impairment
465  across diverse populations reinforces its role as a significant genetic risk factor for

466  Alzheimer's disease and related cognitive declines. (Slooter et al., 1998). Moreover,
467  while the limited sample size of African ancestry participants may reduce the statistical
468 power to detect significant associations, additional factors related to ancestry-specific
469  polygenic risk scores also warrant consideration. Specifically, the polygenic risk scores
470 used in this analysis were derived from GWASs primarily conducted in European

471  ancestry populations (Wang et al., 2023). Such GWASs often have limited transferability
472  to non-European populations due to differences in linkage disequilibrium, minor allele
473  frequency, heritability, and genetic correlation across ancestries (Wang et al., 2023).
474  Additionally, the included analytic European ancestries sample had a lower Alzheimer’s
475  disease polygenic score than the excluded sample due to missingness of covariates.
476  This pattern raises the possibility of selection bias, which could potentially lead to

477  underestimation of the true association between the Alzheimer’s disease polygenic

478  score and cognitive impairment in the European ancestries.

479  Strengths

480 Our study stratified by ancestries, allowing for the examination of interactions
481  between genetic and neighborhood factors within specific population subgroups.
482  Secondly, we employed longitudinal cognitive assessments to evaluate the risk of
483  developing cognitive impairment over time which is a strength compared to cross-

484  sectional studies. Additionally, we incorporated subjective measurements of
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485 neighborhood factors across seven dimensions: vandalism, cleanliness, vacancies,
486  trust, belonging, friendliness, and safety. This detailed exploration enables a nuanced
487  understanding of how various neighborhood aspects contribute to cognitive health

488 outcomes over time.

489 Conclusion

490 Our study investigated the relationship between seven subjective neighborhood
491  characteristics—both collectively and individually—and genetic factors on the risk of
492  cognitive impairment. We found that living in a more disadvantaged neighborhood and
493  having a higher genetic risk for Alzheimer’s disease were significantly associated with
494  an increased risk of developing any cognitive impairment, CIND, and dementia among
495  European ancestries participants. However, the association of neighborhood

496 characteristics on cognitive impairment risk did not vary based on genetic risk for

497  Alzheimer's disease. Given the evidence provided from this study and previous

498 literature, we suggest that neighborhood is an important modifiable risk factor for

499  cognitive health. Public health interventions should prioritize improving neighborhood
500 safety, cleanliness, and fostering community connections (trust, friendliness and

501 belonging), as these factors are significantly associated with the risk of cognitive

502 impairment. Future research should incorporate longitudinal assessments of

503 neighborhood characteristics to enhance the robustness of findings.

504

505

506
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Figure 1. Sample inclusion and exclusion flow chart for the Health and Retirement Study 2018 and 2010 wave.
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Figure 2. Correlations between neighborhood characteristics in the Health and Retirement Study 2018 and 2010 wave.
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Table 1: Sample distribution of neighborhood disadvantage index, cognitive function, genetic characteristics, sociodemographic, behavioral, and chronic conditions by cognitive

impairment (CIND and dementia), CIND, and dementia in the Health and Retirement Study, wave 2008-2010.

Cognitive Impairment® CIND® Dementia®
Main Variables Overall? Normal? Irgggir;m\elre]ta VaIIDL-jeb Overall Normal? CIND? vaﬁteb Overall® der,:g:;iaa Dementia? val?l;eb
N = 6,826 N = 4,754 N =2,072 N =6,746 N = 4,754 N=1,992 N =7,760 N=17142 N =618
Neighborhood disadvantage index -0.13(0.90) | -0.16 (0.86)  -0.05(0.97)  <0.001 | -0.13(0.90) -0.16 (0.86) -0.06 (0.97) <0.001 -0.10 (0.93) -0.11 (0.92) 0.05(1.03)  <0.001
Neighborhood disadvantage index (Binary) <0.001 <0.001 <0.001
(<:Tg)e least disadvantaged neighborhoods 4,537 (66%) | 3.234 (68%) 1,303 (63%) 4,488 (67%) | 3.234(68%) 1,254 (63%) 5,070 (65%) | 4,716 (66%) 354 (57%)
(>0T)he most disadvantaged neighborhoods | 5 ya9 3406y | 1500 (32%6) 769 (37%) 2258 (33%) | 1520 (32%) 738 (37%) 2,600 (35%) | 2426 (34%) 264 (43%)
Baseline wave <0.001 <0.001 <0.001
Wave 1 (2008) 3,008 (44%) | 2,023 (43%) 985 (48%) 2,971 (44%) 2,023 (43%) 948 (48%) 3,436 (44%) | 3,120 (44%) 316 (51%)
Wave 2 (2010) 3,818 (56%) | 2,731 (57%) 1,087 (52%) 3,775 (56%) 2,731 (57%) 1,044 (52%) 4,324 (56%) | 4,022 (56%) 302 (49%)
Ancestry <0.001 <0.001 <0.001
European ancestry 6,123 (90%) | 4,356 (92%) 1,767 (85%) 6,051 (90%) 4,356 (92%) 1,695 (85%) 6,789 (87%) | 6,337 (89%) 452 (73%)
African ancestry 703 (10%) 398 (8.4%) 305 (15%) 695 (10%) 398 (8.4%) 297 (15%) 971 (13%) 805 (11%) 166 (27%)
PGS-AD
European ancestry -0.08 (0.98) | -0.12(0.98) 0.00 (0.96) - -0.09 (0.98) -0.12 (0.98) -0.01 (0.96) - -0.08 (0.98) -0.08 (0.98)  -0.05(0.94) -
African ancestry 0.06 (0.93) | -0.04 (0.94) 0.19 (0.90) - 0.06 (0.93) -0.04 (0.94) 0.18 (0.90) - 0.06 (0.91) 0.05 (0.92) 0.10 (0.83) -
PGS-AD (Binary)
European ancestry - - -
Below 75% 4,769 (78%) | 3,429 (79%) 1,340 (76%) 4,719 (78%) 3,429 (79%) 1,290 (76%) 5,267 (78%) | 4,930 (78%) 337 (75%)
Above 75% 1,354 (22%) | 927 (21%) 427 (24%) 1,332 (22%) 927 (21%) 405 (24%) 1,522 (22%) | 1,407 (22%) 115 (25%)
African ancestry - - -
Below 75% 534 (76%) 315 (79%) 219 (72%) 531 (76%) 315 (79%) 216 (73%) 741 (76%) 613 (76%) 128 (77%)
Above 75% 169 (24%) 83 (21%) 86 (28%) 164 (24%) 83 (21%) 81 (27%) 230 (24%) 192 (24%) 38 (23%)
APOE EA4 status <0.001 <0.001 <0.001
Any copies of e4 1,807 (26%) | 1,200 (25%) 607 (29%) 1,783 (26%) 1,200 (25%) 583 (29%) 2,094 (27%) | 1,860 (26%) 234 (38%)
No copies of e4 5,019 (74%) | 3,554 (75%) 1,465 (71%) 4,963 (74%) 3,554 (75%) 1,409 (71%) 5,666 (73%) | 5,282 (74%) 384 (62%)
Sex 0.017 0.018 0.476
Male 2,674 (39%) | 1,818 (38%) 856 (41%) 2,641 (39%) 1,818 (38%) 823 (41%) 3,093 (40%) | 2,855 (40%) 238 (39%)
Female 4,152 (61%) | 2,936 (62%) 1,216 (59%) 4,105 (61%) 2,936 (62%) 1,169 (59%) 4,667 (60%) | 4,287 (60%) 380 (61%)
Age medRxiv preprint doi: ht_tps://doi.org/lo.l.LOl/Z'Qgglgg-‘;)lzl.25326216(72‘;r tﬁ?ésvdr sion Z)Q)'s?e:z]'d(ﬂgllag(gpl 15, E&QO'I]he cggy%"hﬂ‘lglgél)'for thg%Ze‘[l)r(r?t'SA') 70.83 (9'88) <0.001 67.29 (10'28) 66.68 (10'09) 74.34 (9'76) <0.001
Education Léwgich was not certified by peer (?T\:vgdlg ?veaﬁ\gmgﬁlgdnge;C\évgf)Br\l(a}a8rir1(§elgtg}(reg§§]vaﬁilé%el%%?d8f|sp|ay the preprint in [perpetuity. <0.001 <0.001
> High School / GED 2,362 (35%) | 1,888 (40%) 474 (23%) 2,336 (35%) 1,888 (40%) 448 (22%) 2,489 (32%) | 2,394 (34%) 95 (15%)
High School / GED 3,921 (57%) | 2,643 (56%) 1,278 (62%) 3,876 (57%) 2,643 (56%) 1,233 (62%) 4,425 (57%) | 4,103 (57%) 322 (52%)
< High School / GED 543 (8.0%) 223 (4.7%) 320 (15%) 534 (7.9%) 223 (4.7%) 311 (16%) 846 (11%) 645 (9.0%) 201 (33%)
Poverty Status <0.001 <0.001 <0.001
Above Poverty threshold 6,518 (95%) | 4,574 (96%) 1,944 (94%) 6,441 (95%) 4,574 (96%) 1,867 (94%) 7,320 (94%) | 6,780 (95%) 540 (87%)
Below Poverty threshold 308 (4.5%) 180 (3.8%) 128 (6.2%) 305 (4.5%) 180 (3.8%) 125 (6.3%) 440 (5.7%) 362 (5.1%) 78 (13%)
Social Ladder 6.55 (1.66) 6.63 (1.63) 6.36 (1.70) <0.001 6.55 (1.66) 6.63 (1.63) 6.35(1.71)  <0.001 6.51 (1.68) 6.52 (1.67) 6.37 (1.81) 0.049
Sensitivity Variables Overall Normal CIND p-value Overall Normal CIND p-value Overall delr\ln%g-tia Dementia  p-value
Smoking status 0.013 0.02 0.094
Current Smoker 819 (12%) 569 (12%) 250 (12%) 813 (12%) 569 (12%) 244 (12%) 946 (12%) 883 (12%) 63 (10%)
Former Smoker 2,917 (43%) | 1,981 (42%) 936 (45%) 2,877 (43%) 1,981 (42%) 896 (45%) 3,358 (44%) | 3,068 (43%) 290 (47%)
Never Smoke 3,050 (45%) | 2,178 (46%) 872 (42%) 3,018 (45%) 2,178 (46%) 840 (42%) 3,411 (44%) | 3,150 (44%) 261 (43%)
BMI 28.67 (6.00) | 28.74 (6.01)  28.50(5.99) 0.136 28.68 (6.00) 28.74 (6.01) 28.55 (5.97)  0.248 28.60 (6.04) | 28.69 (6.05) 27.66 (5.79) <0.001
Drinking (# drinks/day when drinks) 0.81(1.37) 0.86 (1.35) 0.69 (1.41) <0.001 0.81(1.37) 0.86 (1.35) 0.69(1.42) <0.001 0.78 (1.38) 0.80 (1.38) 0.55(1.42) <0.001
Ever have Diabetes <0.001 <0.001 0.037
Yes 1,129 (17%) | 711 (15%) 418 (20%) 1,119 (17%) 711 (15%) 408 (20%) 1,369 (18%) | 1,241 (17%) 128 (21%)
No 5,697 (83%) | 4,043 (85%) 1,654 (80%) 5,627 (83%) 4,043 (85%) 1,584 (80%) 6,391 (82%) | 5,901 (83%) 490 (79%)
Chronic Condition <0.001 <0.001 <0.001
None 1,056 (15%) | 838 (18%) 218 (11%) 1,045 (15%) 838 (18%) 207 (10%) 1,156 (15%) | 1,088 (15%) 68 (11%)
1-2 3,630 (53%) | 2,620 (55%) 1,010 (49%) 3,595 (53%) 2,620 (55%) 975 (49%) 4,033 (52%) | 3,744 (52%) 289 (47%)
>=3 2,140 (31%) | 1,296 (27%) 844 (41%) 2,106 (31%) 1,296 (27%) 810 (41%) 2,571 (33%) | 2,310 (32%) 261 (42%)
Depression 1.08 (1.71) 0.96 (1.62) 1.35(1.86) <0.001 1.08 (1.71) 0.96 (1.62) 1.35(1.88) <0.001 1.15 (1.76) 1.11 (1.74) 1.60 (1.94) <0.001

an (%); Mean (SD)

®Pearson's Chi-squared test; Welch Two Sample t-test
°Average follow-up duration: Cognitive Impairment = 7.41 years; Cognitive Impairment, No Dementia (CIND) = 7.45 years; Dementia = 8.02 years.
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Table 2: Hazard Ratios from survival analysis stratified by Ancestry, estimates present the association for each standard deviation increase in the neighborhood disadvantage index with incident cognitive impairment (CIND and dementia), CIND, and dementia, relative
to normal cognition and non-dementia respectively in the US Health and Retirement Study (2008-2010 Waves).

Cognitive Impairment vs. Normal Cognition, European Ancestry® (n=6,123)

CIND vs. Normal Cognition, European Ancestry® (n=6,051)

Dementia vs. Non-dementia, European Ancestry® (n=6,789)

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
HR 95% ClI p-value | HR 95% Cl | p-value | HR 95% ClI p-value | HR 95% ClI p-value | HR 95% Cl | p-value | HR 95% ClI p-value | HR 95% ClI p-value | HR 95% Cl | p-value | HR 95% ClI p-value
Neighborhood 1.09 | 1.03,1.15 0.002 1.09 | 1.03,1.15 | 0.002 1.09 1.03,1.15 0.002 | 1.08 | 1.03,1.14 | 0.004 | 1.08 | 1.02,1.14 | 0.004 1.08 1.02,1.14 0.004 | 113 | 1.03,1.24 | 0.010 | 1.13 | 1.02,1.24 | 0.014 1.13 1.02,1.24 0.015
Age 1.08 | 1.07,1.08 | <0.001 | 1.08 | 1.07,1.08 | <0.001 | 1.08 1.07,1.08 | <0.001 | 1.08 | 1.07,1.08 | <0.001 | 1.08 | 1.07,1.08 | <0.001 | 1.08 1.07,1.08 | <0.001 | 1.12 | 1.10,1.13 | <0.001 | 1.12 | 1.10,1.13 | <0.001 | 1.12 1.10,1.13 | <0.001
Sex medRxiv preprint doi: httpsj//doi.org/10.1101/2025.03.14.25324002; this version posted March 15, 2025. The copyright holder for this preprint
Female ~(Which was not certifief g freer revTgg s e aum e, TRRAs Jrariet e dr TSy to gigpray e PIRRE M PeTPeiy | Ref Ref Ref | Ref Ref Ref Ref Ref Ref | Ref Ref Ref | Ref Ref Ref Ref Ref Ref
Male 1.3 118,143 | <0.001 | 1.29 | 118,142 | <0.001 | 1.29 1.18,1.42 | <0.001 | 1.31 | 1.19,1.45 | <0.001 | 1.31 | 1.18,1.44 | <0.001 | 1.31 119,144 | <0.001 | 1.05 | 0.87,1.28 | 0.600 | 1.06 | 0.87,1.29 | 0.600 1.06 0.88,1.29 0.500
Education
Above High School/GED Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
High School/GED 162 | 144,182 | <0.001 | 1.62 | 144,182 | <0.001 | 1.62 1.44,1.82 | <0.001 | 1.65 | 1.46,1.86 | <0.001 | 1.65 | 1.46,1.86 | <0.001 | 1.65 1.46,1.86 | <0.001 | 1.58 | 1.23,2.04 | <0.001 | 1.6 | 1.24,2.06 | <0.001 | 1.59 1.23,2.06 | <0.001
Less than High School/GED 3.03 | 256,358 | <0.001 | 3.03 | 256,358 | <0.001 | 3.02 | 256,358 | <0.001 | 3.08 | 2.60,3.66 | <0.001 | 3.08 | 2.60,3.66 | <0.001 | 3.08 | 2.59,3.66 | <0.001 | 3.93 | 2.92,5.29 | <0.001 | 3.98 | 2.95,5.37 | <0.001 | 3.98 2.95,5.37 | <0.001
Poverty Status (Below)
Above Poverty threshold Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Below Poverty threshold 1.28 | 0.99,1.65 0.055 | 1.27 | 0.99,1.64 | 0.062 1.27 | 0.99,1.64 0.062 | 1.28 | 0.99,1.66 | 0.060 | 1.27 | 0.98,1.65 | 0.068 1.27 | 0.98,1.65 0.068 | 2.03 | 1.39,2.98 | <0.001 | 2.07 | 1.41,3.04 | <0.001 | 2.07 1.41,3.04 | <0.001
APOE E4 status
No copies of e4 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Any copies of e4 143 | 129,159 | <0.001 | 142 | 128,157 | <0.001 | 1.42 1.28,1.57 | <0.001 | 1.43 | 1.29,1.60 | <0.001 | 1.42 | 1.28,1.58 | <0.001 | 1.42 1.28,1.58 | <0.001 | 2.06 | 1.70,2.50 | <0.001 | 2.04 | 1.68,2.48 | <0.001 | 2.04 1.68,2.48 | <0.001
Social Ladder 0.93 | 0.90,0.95 | <0.001 | 0.93 | 0.90,0.95 | <0.001 | 093 | 0.90,0.95 | <0.001 | 0.92 | 0.89,0.95 | <0.001 | 0.92 | 0.90,0.95 | <0.001 | 0.92 | 0.89,0.95 | <0.001 | 0.98 0.92,1.04 0500 | 0.98 | 0.93,1.04 | 0.600 0.98 0.93,1.04 0.6
Baseline wave
Wave 1 (2008) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Wave 2 (2010) 0.86 | 0.78,0.94 0.001 | 0.86 | 0.79,0.95 | 0.002 0.86 | 0.79,0.95 0.002 | 0.86 | 0.78,0.95 | 0.002 | 0.87 | 0.79,0.95 | 0.003 0.86 | 0.79,0.95 0.003 0.8 | 0.67,0.97 | 0.022 0.8 | 0.67,0.97 | 0.021 0.8 0.67,0.97 0.020
PGS-AD - - - 1.1 | 1.051.16 | <0.001 | 1.10 1.05,1.16 | <0.001 - - - 1.10 | 1.05,1.16 | <0.001 | 1.10 1.05,1.16 | <0.001 - - - 1.05 | 0.96,1.16 | 0.300 1.05 0.95, 1.16 0.3
Neighborhood* PGS-AD - - - - - - 099 | 0.94,1.04 0.800 - - - - - - 099 | 0.94,1.05 0.800 - - - - - - 0.98 0.90, 1.08 0.7
RERI: The most disadvantaged
neighborhoods*PGS-AD Above - - - - - - -0.02 | -0.31,0.27 - - - - - - -0.03 | -0.32,0.27 - - - - - - 0.01 | -0.61,0.63
75%?
Cognitive Impairment vs. Normal Cognition, African Ancestry® (n=703) CIND vs. Normal Cognition, African Ancestry® (n=695) Dementia vs. Non-dementia, African Ancestry® (n=971)
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
HR 95% CI p-value | HR 95% Cl | p-value | HR 95% ClI p-value | HR 95% ClI p-value | HR 95% Cl | p-value | HR 95% ClI p-value | HR 95% ClI p-value | HR 95% Cl | p-value | HR 95% ClI p-value
Neighborhood 1.04 | 0.93,1.16 0.500 | 1.04 | 0.93,1.16 | 0.500 1.05 | 0.94,1.17 0.4 1.04 | 093,116 | 0.500 | 1.04 | 0.93,1.16 | 0.500 1.04 | 0.93,1.17 0.500 | 1.02 | 0.89,1.18 | 0.800 | 1.03 | 0.89,1.19 | 0.700 1.03 0.90, 1.20 0.6
Age 1.05 | 1.04,1.07 | <0.001 | 1.05 | 1.04,1.07 | <0.001 | 1.05 1.04,1.07 | <0.001 | 1.05 | 1.04,1.07 | <0.001 | 1.05 | 1.04,1.07 | <0.001 | 1.05 1.04,1.07 | <0.001 | 1.09 | 1.07,1.11 | <0.001 | 1.09 | 1.07,1.11 | <0.001 | 1.09 1.07,1.11 | <0.001
Sex
Female Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Male 1.2 0.94, 1.53 0.150 | 1.22 | 0.95,156 | 0.110 1.22 | 0.96,1.56 0.11 1.19 ] 0.93,1.52 | 0.200 1.2 | 094,154 | 0.200 1.2 0.94, 1.54 0.15 1.32 1 096,182 | 0.088 | 1.37 | 0.99,1.89 | 0.056 1.37 1.00, 1.89 0.053
Education
Above High School/GED Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
High School/GED 15 1.11, 2.03 0.009 | 151 | 1.11,2.04 | 0.009 151 1.11,2.05 0.009 | 153 | 1.12,2.09 | 0.007 | 1.54 | 1.12,2.10 | 0.007 1.54 1.13,2.11 0.007 | 214 | 1.15,396 | 0.016 | 2.21 | 1.19,4.10 | 0.012 221 1.19,4.09 0.012
Less than High School/GED 3.02 | 212,431 | <0.001 | 2.94 | 2.06,4.20 | <0.001 | 297 | 2.08,425 | <0.001 | 3.11 | 2.17,4.46 | <0.001 3 2.09,4.30 | <0.001 | 3.02 | 2.10,4.34 | <0.001 | 5.48 | 2.94,10.2 | <0.001 | 5.61 | 3.00,10.5 | <0.001 5.6 2.99,10.5 | <0.001
Poverty Status
Above Poverty threshold Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Below Poverty threshold 178 | 134,237 | <0.001 | 1.81 | 1.36,241 | <0.001 | 1.82 1.36,2.43 | <0.001 | 1.79 | 1.34,2.39 | <0.001 | 1.81 | 1.36,2.42 | <0.001 | 1.83 137,244 | <0.001 | 1.86 | 1.30,2.65 | <0.001 | 1.83 | 1.28,2.61 | <0.001 | 1.82 1.28,2.61 | <0.001
APOE EA4 status
No copies of e4 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Any copies of e4 1.01 | 0.80,1.28 >0.9 1.02 | 0.80,1.29 | 0.900 1 0.79, 1.28 >0.9 1 0.79,1.27 >0.9 1.01 | 0.79,1.28 >0.9 099 | 0.78,1.26 >0.9 1.44 | 1.05,196 | 0.024 | 1.46 | 1.06,2.00 | 0.020 1.43 1.04,1.97 0.026
Social Ladder 0.97 | 0.91,1.03 0.300 | 0.96 | 0.90,1.02 | 0.200 0.96 | 0.90,1.02 0.2 097 091,104 0400 | 096 | 0.90,1.03 | 0.300 0.96 | 0.90,1.03 0.3 1.06 098,116 0.200 | 1.06 | 0.97,1.15 | 0.200 1.06 0.97,1.15 0.2
Baseline wave
Wave 1 (2008) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Wave 2 (2010) 119 | 094,151 0.150 | 1.17 | 0.92,1.48 | 0.200 1.17 | 0.92,1.48 0.2 12 | 094,152 | 04150 | 1.17 | 092,150 | 0.200 1.17 | 0.92,1.50 0.2 1.12 | 0.82,1.53 | 0.500 1.1 | 0.80,1.50 | 0.600 111 0.81,1.52 0.5
PGS-AD - - - 1.13 | 0.95,1.35 | 0.200 1.15 | 0.96,1.38 0.12 - - - 1.11 | 0.93,1.33 | 0.200 1.13 | 0.95,1.35 0.2 - - - 1.09 | 0.86,1.39 | 0.500 1.12 0.88,1.44 0.4
Neighborhood* PGS-AD - - - - - - 094 | 0.82,1.07 0.3 - - - - - - 094 | 0.82,1.08 0.4 - - - - - - 0.92 0.78, 1.09 0.3
RERI: The most disadvantaged
neighborhoods *PGS-AD Above - - - - - - -0.42 | -1.09,0.25 - - - - - - -0.33 | -0.97,0.31 - - - - - - -0.14 | -0.96, 0.68

5%*

8RERI was calculated based on the model using a dichotomized neighborhood disadvantage index (< 0 indicating the least disadvantaged neighborhoods; > 0 indicating the most disadvantaged neighborhoods) and PGS-AD (cutoff at the 75th percentile). Full model details are provided in Supplemental Table 3
bEuropean Ancestry Sample average follow-up duration: Cognitive Impairment = 7.49 years; Cognitive Impairment, No Dementia (CIND) = 7.53 years; Dementia = 8.04 years.
CAferican Ancestry Sample average follow-up duration: Cognitive Impairment = 6.71 years; Cognitive Impairment, No Dementia (CIND) = 6.77 years; Dementia = 7.85 years.
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